Background Resection of pelvic and sacral tumors can cause severe blood loss, complications, and even postoperative death. Hypotensive epidural anesthesia has been used to mitigate blood loss after elective arthroplasty, but to our knowledge, it has not been studied as an approach that might make resection of pelvic and sacral tumors safer. Questions/purposes The purposes of this study were (1) to compare the blood loss and blood product use for patients undergoing pelvic and sacral tumor surgery under standard anesthesia or hypotensive epidural anesthesia; (2) to assess the frequency of end-organ damage with the two techniques; and (3) to compare 90-day mortality between the two techniques. Methods Between 2000 and 2014, 285 major pelvic and sacral resections were performed at one center. A total of 174 (61%) had complete data sets for analysis of blood loss, transfusion use, complications, and mortality at 90 days. Of those, 102 (59%) underwent hypotensive epidural anesthesia, whereas the remainder received standard anesthetic care. The anesthetic approach was determined by the anesthetists in charge of the case with hypotensive epidural anesthesia exclusively performed by one of two subspecialty trained anesthetists as their routine for major pelvic or sacral surgery. The groups were comparable in terms of potential confounding variables such as age, gender, tumor volume, and operation performed. Hypotensive epidural anesthesia was defined as a technique using an extensive epidural block up to T2-3 dermatome, peripherally administered low-concentration intravenous adrenaline infusion, and using unimpeded spontaneous respiration to achieve controlled hypotension, precise rate control of the heart, and enhanced velocity of venous return, all aggregated thus to minimize blood loss during pelvic surgery while preserving vital perfusion. The groups were assessed for perioperative blood loss calculated from pre-and postsurgery hemoglobin and transfusion use as well as postoperative complications, morbidity, and mortality at 90 days. Results There was less mean blood loss in the hypotensive epidural anesthesia group (1457 mL, SD 1721, 95% confidence interval [CI], 1114-1801 versus 2421 mL, SD 2297, 95% CI, 1877-2965; p = 0.003). Patients in the hypotensive epidural anesthesia group on average received fewer packed red cell transfusions (2.7 units, SD 2.9, 95% CI, 2.1-3.2 versus 3.9 units, SD 4.4, 95% CI, 2.9-5.0; Each author certifies that he, or a member of his immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. This work was performed at The Royal Orthopaedic Hospital, Birmingham, UK. 
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Introduction
Blood loss during pelvic tumor surgery can be severe [1] , in one study varying between 2.5 and nearly 5 L [5] . Hemorrhagic hypovolemia resulting in allogeneic transfusion is associated with increased morbidity after nononcological surgery [8, 9, 12] . Allogeneic blood transfusions after oncological surgery may increase the risk of postoperative infection, and they may even increase the risk of cancer recurrence, perhaps an effect of immunosuppression and immune modulation [23] . In an attempt to minimize blood loss and the need for transfusion, many techniques for managing blood loss during pelvic surgery have emerged including preoperative erythropoietin, preoperative iron supplementation, hypotensive anesthesia, and intraoperative antifibrinolytic drugs.
In our institution, we have adopted a system of hypotensive epidural anesthesia. The technique, which involves a reduction in blood pressure while maintaining flow through stabilization of cardiac output, has demonstrated efficacy in lower limb orthopaedic surgery [7, [17] [18] [19] [20] 22] , where it has been shown to reduce blood loss and transfusion reaction. Hypotensive epidural anesthesia provides sympathetic blockade by means of a high epidural anesthetic and sustained cardiac output by means of an adrenaline infusion. This results in reduced peripheral venous bleeding mediated by venous hypotension as a result of decreased peripheral resistance while maintaining perfusion of the vital organs and distal extremities. We have used this technique, together with standard anesthetic techniques, for a number of years for pelvic and sacral tumor resection. Tachycardia from intraoperative hypovolemia maybe masked with the technique and careful monitoring of blood loss during surgery is crucial. Despite these risks, studies have shown no increased incidence of end-organ damage after hypotensive epidural anesthesia, even in patients with existing comorbidities [7, 11, 17] .
However, to our knowledge, no research has evaluated hypotensive epidural anesthesia to determine whether it can decrease blood loss or transfusion use during pelvic sarcoma surgery. Likewise, to our knowledge, no study has evaluated this approach to see whether it may increase the likelihood of end-organ damage, a possible complication of underperfusion or mortality after pelvic tumor surgery.
The primary aims of this study were to (1) compare the blood loss and blood product use between hypotensive epidural anesthesia and a standard anesthetic technique during pelvic and sacral tumor resection; (2) to assess the frequency of end-organ injury (acute kidney injury, myocardial ischemia, and cerebrovascular accidents); and (3) to compare the 90-day mortality after pelvic and sacral tumor resection between hypotensive epidural anesthesia and standard anesthetic techniques.
Patients and Methods
We undertook a retrospective, observational study of pelvic and sacral bone tumor cases at a single tertiary orthopaedic hospital (The Royal Orthopaedic Hospital, Birmingham, UK). The prospectively maintained institutional database was used to identify all patients who underwent a hemipelvectomy, sacrectomy, or hindquarter amputation between January 1, 2000, and August 31, 2014. A total of 285 patients were identified. The single exclusion criterion was the absence of data. A total of 111 (39%) patients were excluded for this reason. Seventy-five patients had incomplete data, in which all the fields required were not completely documented in the anesthetic chart or hardcopy notes. For example, the estimated blood loss was unable to be calculated because the cases were before electronic record of blood results and their paper records of either preoperative or postoperative blood tests were not available. The patient hard-copy notes were inaccessible in a further 36 patients who had died and their hospital notes were not kept on-site at the time of our analysis. From a national registry, we know these patients did not die within 90 days of the index operation. The remaining total of 174 patients were included in this study. The study was registered and approved with the hospital institutional review board.
Intervention
Patients received one of two anesthetic techniques: hypotensive epidural anesthesia (n = 102 [59%]) or a standard anesthetic technique (n = 72 [41%]; Table 1 ). The anesthetic technique used was dependent on the anesthetist who was performing the case. The hypotensive epidural anesthesia group was exclusively performed by the two coauthors (RS, TN), whereas the standard anesthetic was used by other anesthetists in the hospital. The distribution of surgical operations between the two groups showed no statistical difference (Table 1 ) and was only determined by the anesthetist rostered to perform the anesthesia on the day of surgery.
The hypotensive epidural anesthesia technique uses a more extensive epidural block than usual, which acts as a cardiac sympathectomy, a peripherally administered lowconcentration intravenous adrenaline infusion for chronotropic effect, and unimpeded spontaneous respiration, which avoids cyclical positive pressure in the pelvic veins with the goal of achieving controlled hypotension, precise rate control of the heart, and enhanced velocity of venous return to the heart to minimize blood loss while preserving perfusion to vital end organs. Induction was performed with propofol with either ketamine or midazolam. Patients received a combined high spinal (between L2/3 and L4/5) with 0.5% bupivacaine and epidural (between T11/12 and L1/2) anesthesia with an initial bolus of 0.75% levobupivacaine administered through the epidural needle to achieve a cardiac sympathectomy block up to T2/3 dermatome. Patients remained spontaneously breathing on a laryngeal mask airway avoiding positive pressure ventilation. Anesthesia was maintained either intravenously (using propofol plus either remifentanil or ketamine) or using gaseous agents (sevoflurane/desflurane). A continuous infusion of adrenaline (1:250,000) was administered through a peripheral venous line to maintain cardiac output and a target mean arterial pressure (MAP) of 50 to 60 mmHg. To ensure rapid recognition of changes in intravascular volume, direct monitoring of blood pressure using a blood pressure transducer in a radial arterial line was combined with real-time observation and communication with the surgeon about bleeding in the surgical field.
The standard anesthetic technique involved induction with propofol with or without a short-acting opiate (eg, fentanyl or alfentanil) and maintenance with a gaseous agent (sevoflurane, desflurane, or isoflurane) with or without remifentanil with positive pressure ventilation. Many patients also received a lumbar epidural with 0.5% bupivacaine, which was loaded before emergence from anesthesia and which was used for postoperative analgesic effect only and so is unlikely to have influenced the outcomes of interest in this study. No adrenaline infusion was administered to this group and invasive monitoring of blood pressure was not routinely used.
Antifibrinolytics were used in both groups of patients (hypotensive epidural anesthesia 42.1% n = 24 of 57 [aprotin nine, tranexamic acid 15, none 33] versus the standard anesthetic group 32.6% n = 17 of 53 [aprotin five, tranexamic acid 12, none 35], p = 0.28). Aprotin was withdrawn in 2007 and since then tranexamic acid has been used, given as an infusion at a rate of 500 mg/hour after a loading dose of 1 g to a maximal dose of 3 g.
Packed red blood cells were transfused intraoperatively and postoperatively to all patients with a hemoglobin level \ 8 mg/dL, ongoing blood loss, and/or signs of intravascular depletion (tachycardia and hypotension). Postoperative transfusion was also given to patients with a hemoglobin level \ 9 mg/dL and signs or symptoms of anemia (fatigue, dizziness, shortness of breath, tachypnea, or tachycardia).
Antibiotic prophylaxis with broad-spectrum coverage including anaerobes (eg, cefuroxime + metronidazole, flucloxacillin + gentamicin + metronidazole) was routinely given at induction and continued for at least 24 hours up to 5 days. Deep vein thrombosis prophylaxis consisted of mechanical measures with compression stockings and sequential compression devices. Routine chemoprophylaxis (eg, low-molecular-weight heparin) was not used.
Data Collection
Data were collected from patient notes, anesthetic charts, and electronic databases (for pathology results and mortality data and blood results from 2000 onward). Data included patient demographics (age, gender, weight, diagnosis); operation details (type, duration); anesthetic details (technique, MAP, blood and fluid use); and postoperative details (duration of high-dependency unit stay, fluids and blood product use, total duration of hospital stay). Both groups were comparable in terms of age, gender, tumor volume, and operation type (Table 1) . Morbidity and mortality data were also collected, including postoperative complications, return to a high-dependency unit, transfer to an intensive care unit, and 90-day mortality. Mortality data were confirmed through a national registry.
Mean intraoperative MAP was calculated from MAP readings from an arterial line taken at least every 15 minutes from the time of the first incision to the time of wound closure. Patients receiving hypotensive epidural anesthesia had a lower mean intraoperative MAP than the standard group (53 mmHg versus 58 mmHg, p = 0.001).
Blood loss was calculated from a previously published formula (Fig. 1) taking into account pre-and postoperative hemoglobin measurements and total volume of packed red cells transfused. The postoperative hemoglobin measurement used in calculating blood loss was taken 4 to 7 days after surgery and at least 24 hours from the last packed red blood cell transfusion. Estimates of intraoperative blood loss by the operating surgeon or anesthetist involved in the case were not used for the purposes of this study.
Data Analysis
Patients were divided into two groups depending on the anesthetic technique they received: hypotensive epidural anesthesia or a standard anesthetic technique. After normality testing, appropriate statistical analyses were undertaken. Parametric data are presented as mean ± SD and compared using unpaired t-tests. Nonparametric data are presented as median (interquartile range) and compared using Mann-Whitney U-tests (continuous data) and chi square tests (categorical data). Significance was taken at the 5% level. Data were analyzed using the SPSS program (Version 22.0; IBM SPSS, Armonk, NY, USA).
Results
Patients treated with hypotensive epidural anesthesia experienced less blood loss compared with the standard anesthetic group (1457 mL, SD 1721, 95% confidence interval [CI], 1114-1801 versus 2421 mL, SD 2297, 95% CI, 1877-2965; p = 0.003; Table 2 ). Patients receiving hypotensive epidural anesthesia also received on average fewer packed red cell transfusions (2.7 units, SD 2.9, 95% CI, 2.1-3.2 versus 3.9 units, SD 4.4, 95% CI, 2.9-5.0; p = 0.03).
There were no differences with the numbers available in the proportions of patients experiencing end-organ injury (7%, n = seven of 102 versus 6%, n = four of 72, p = 0.72) ( Table 2 ). There was also no difference in duration of operation, duration of high-dependency unit stay, or total admission duration between the two groups (Table 1) . However, the number of events was small in both study groups, and the no-difference finding here may well reflect the insufficient sample size. With the very few events observed, there were no differences between the study groups in terms of the 90-day mortality rate (1.9%, n = two of 102 in hypotensive epidural anesthesia versus 1.3%, n = one of 72 in the standard anesthetic group, 95%; p = 0.77; Table 3 ). The overall 90-day mortality in the series was 1.72% (three patients of 174).
Discussion
Surgery for pelvic and sacral tumors is technically demanding and can be associated with substantial blood loss [13, 21] . The anesthetic challenges are numerous, as detailed by Molnar et al. [13] in a study of 49 patients undergoing hemipelvectomy with massive blood loss and resulting in coagulopathy of primary concern. Hypotensive epidural anesthesia is a technique that uses an extensive epidural block and low-dose epinephrine infusion resulting in arterial hypotension but with preservation of central venous pressure, controlled heart rate, and cardiac output [9] . It has been shown to be effective in reducing blood loss in THA [10, 15, [18] [19] [20] . Its use in surgery for pelvic and sacral tumors has not previously been reported. We found that hypotensive epidural anesthesia in bone and soft tissue pelvic tumor surgery resulted in less blood loss and fewer blood units transfused on average per patient. Importantly, 90-day mortality and incidence of end-organ damage did not appear to be increased (albeit the numbers here were small) when compared with a group receiving standard anesthetic techniques. We note that despite the name of the technique, the decreased blood loss is not solely accounted for by the lower blood pressure. Hypotensive epidural anesthesia includes spontaneous breathing, hyperdynamic circulation, and decreased peripheral resistance, causing venous hypotension with the effect of reducing the filling of the pelvic veins so that they are less likely to be damaged at surgery, thus reducing the bleeding. We have demonstrated a reduction in blood loss and transfusion use in patients undergoing pelvic tumor resection with hypotensive epidural anesthesia in keeping with previous studies evaluating its use in other procedures [3, 17, 22] .
We acknowledge several limitations to this study. First, the retrospective nature of our study limited our options for measuring blood loss. We chose to calculate blood loss using recorded pre-and postoperative hemoglobin levels End-organ injury n = 7 (7%) n = 4 (4%) 0.72
Acute kidney injury n = 6 (6%) n = 2 (3%) 0.47 Cerebrovascular accidents n = 0 (0%) n = 0 (0%) 1.00
Acute coronary syndromes n = 1 (1%) n = 2 (3%) 0.57 * Data presented as mean; HEA = hypotensive epidural anesthesia; CI = confidence interval. and amount of red blood cells transfused previously published for use in arthroplasty [4] . Alternative methods used to estimate blood loss in hemipelvectomy include estimation by surgeons [21] , weighing surgical swabs, and recording blood present in suction devices. These operations often result in loss of blood onto drapes, gowns, and the operating room floor, making measuring techniques both subjective and inaccurate [13] . For these reasons, we feel that calculating blood loss using the objective and measurable variables mentioned is an acceptable method for this study, which avoids assessor bias from the involved surgeon or anesthesiologist. The need for transfusion is a notoriously difficult parameter to quantify because it is not only dependent on the quantifiable measures detailed, but also patient-reported, subjective outcomes that will vary between patients. This is a limitation of the study that we have tried to address through quantifiable measures of the need for postoperative transfusion but must acknowledge as a flaw in the study. This study is also limited by the lack of randomization by technique. The anesthetic technique used was primarily determined by the anesthesiologist to which the case was assigned and, although we cannot completely rule out the possibility of one group having ''easier'' procedures, selection bias was addressed by the groups having similarsized tumors, proportion of hemipelvectomies and sacrectomies performed, and procedure times pointing to comparable distribution of cases in terms of complexity ( Table 1 ). The hypotensive epidural anesthesia technique was carried out by a limited number of specialist pelvic anesthetists (n = 2). In contrast, the standard technique was administered by a nonspecialist orthopaedic anesthesiologist (n = 16) who individually did not routinely perform (\ 10 cases) pelvic tumor surgery. While working in a tertiary orthopaedic center meant that all anesthetists had experience in working with orthopaedic oncology patients, we cannot exclude the impact of experience in operations around this particularly challenging site as a possible confounding factor with the two anesthetists performing hypotensive epidural anesthesia accounting for the majority of the pelvic surgeries. This highlights the importance of performing such complex surgery in designated specialist centers with specialist surgeons and anesthetists alike who perform high volumes of these procedures.
Hypotensive epidural anesthesia is a technique already established in arthroplasty, where it has been shown to reduce blood loss and allogeneic transfusion use [9, 15] . Hypotensive anesthesia has also been studied in spinal surgery and maxillofacial surgery where it has demonstrated reductions in blood loss and transfusion use when used in conjunction with antifibrinolytics and topical hemostasis [6] . Another study on its use in oral and maxillofacial surgery demonstrated a reduction blood loss, transfusion use, and operative time [2] .
Reports of blood loss and transfusion after pelvic tumor resection are limited. In comparison to previous reports, we demonstrated less blood loss in both hypotensive epidural anesthesia and conventional anesthesia groups. Molnar et al. [13] reported a median transfusion use of 7 units in 49 patients undergoing hemipelvectomy. Senchenkov et al. [16] reported transfusion use with an average of 13.4 units during external hemipelvectomy. This compares with a median transfusion of 2 units in the hypotensive epidural anesthesia group and 3 units in the standard anesthesia group in the current study. There may be several reasons for these differences. First, the unit is one of only five designated bone sarcoma centers in the United Kingdom and sees a high volume of pelvic sarcoma cases (approximately 30-40 each year). We have adapted to accommodate this demand with designated specialist pelvic surgeons and anesthetists. This is reflected in a high level of expertise in managing these highly challenging cases. Second, in a proportion of both anesthesia technique groups, a continuous infusion of tranexamic acid was administered, which has been shown to reduce postoperative blood loss [10] .
Despite the positive effect on bleeding, concerns surrounding the risks of hypotensive epidural anesthesia remain. Potential risks of prolonged intraoperative hypotension include hypoperfusion and injury of the vital organs. Although we present a limited sample, our study found no difference in the rates of end-organ injury between the two groups. These findings concur with previous studies examining these risks in both maxillofacial and arthroplasty surgery [2, 20] . Studies also show that hypotensive epidural anesthesia can be safely used in higher risk patients, including the elderly, and patients with hypertension, ischemic heart disease, or chronic renal impairment [7, 17] . Lubrano et al. [11] demonstrated a transient tubular dysfunction after induced hypotension with propofol and remifentanil (without concurrent adrenaline); however, a clear link to permanent renal dysfunction has not been demonstrated [17] . Specific concerns regarding spinal cord ischemia caused by prolonged periods of hypotension with neuraxial anesthetics is also well documented; studies have demonstrated a MAP of at least 60 mmHg is required to safely maintain spinal cord blood flow [14] . It must be stressed that these studies have reviewed standard neuraxial anesthesia with uncontrolled hypotension. In contrast, hypotensive epidural anesthesia creates a temporary complete cardiac sympathectomy, which allows controlled venous hypotension while maintaining cardiac output and tissue perfusion. The control over physiological parameters creates challenges in detecting intraoperative hypovolemia, which may be masked by the administration of the adrenaline infusion (maintaining cardiac output such that a tachycardic response is not mounted). The attending anesthetist must actively monitor blood loss during surgery and replace volume as necessary. Similarly, the adrenaline infusion is controlling the pulse rate and sudden withdrawal can lead to precipitous reduction in cardiac output such that the infusion must be weaned gradually as the epidural sympathectomy effect wears off at the end of the procedure. For these reasons, significant morbidity could result if the technique was used by a physician not experienced in its use.
In addition to low morbidity, with the small numbers available, we saw no differences between the groups in terms of 90-day mortality. However, there were three deaths, seemingly from other causes. These patients are complex, often elderly, and the other treatments they receive can also increase the risk that they might experience a serious complication or death. Although we did not see increased permanent end-organ dysfunction or postoperative mortality at 90 days with our small sample population, further studies are recommended to evaluate the safety of this technique in pelvic tumor surgery.
We found that hypotensive epidural anesthesia resulted in less blood loss, fewer transfusions, and no apparent increase in serious complications; however, the anesthesiologists involved were extremely experienced in this technique. From our encouraging results, we recommend that future collaborative studies possibly in the form of a prospective registry of pelvic tumors treated with surgery be undertaken to confirm the safety of this technique.
